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FABRICATION  OF  THIN  FILM  MAGNETIC  GARNET  STRUCTURES  N.  X77-971/501 

FOR  INTRA-CAVITY  LASER  APPLICATIONS  ' . 


fabrication  of  thin  film  MAGNFTIC  carnet  STRL'CTUHFS 
FOR  intra-cavity  lASER  APPLICATIONS 

^ F.  C.  Whllcomband  R.  D.  Henry, 

Rockwell  International,  Anaheim,  CA  92N03 

ABSTRACT 

(larnot  compoaltiona  simtlar  to  those  used  for  bubble  Selection  of  the  ferrimattnetic  Karnet  to  be  user!  in 

domain  niaterials  have  been  used  to  fabricate  ferrimaRnetic  either  case  is  dictatetl  bv  the  magnetic  and  magneto-optical 

nonrecim-<K-al  devices  for  ring  laser  gyro  biasing  at  requirements  of  the  device.  The  moduiation  requirements 

1.  Such  devices  are  used  inside  an  active  laser  of  the  Faraday  elements  limit  the  saturation  magnetization 

cavity,  ■fnerefore  precise  control  of  the  optical  ami  physical  to  less  than  2 Oe.  The  magneto-oiJtical  requirements  of  the 

thickness  of  the  films  Is  ret)ulred.  Two  concepts  of  garnet  at  1. 152  pm  are; 

Faraday  elements  have  been  demonstrated  and  new  material  Insertion  Loss  <0.551 

and  fabrlc.itlon  techniques  have  t)een  developed  to  Imple-  Magneto-optic  Figure  of  Merit  >B0  deg 

ment  them.  Operating  faraday  elements  with  0.5  percent  The  ferrimagnetic  garnet  chosen  for  use  in  the  simple 

insertion  loss  have  been  pr(Mluced.^,,-«^  structure  of  Figure  1 was  fYHI):j(Feria)ff^2.  Films  of  this 

material  were  grown  by  I.PF  using  a Bi203  - K2O 

INTRODl  I TION  flux.  Film  deposition  was  conducted  over  a temperature 

range  of  7iX)  to  klO’C.  Properties  of  a typical  film  of  this 
ftne  of  the  problems  that  has  been  enc;>untered  in  using  composition  used  for  a F'araday  element  are  given  in 

ring  lasers  an  inertial  gy  roscopes  is  that  phase-locking  Taltle  1 for  1. 15  *.m. 

occurs  for  small  angular  velocities  and  hence  the  usual  Table  I indicates  that  the  absorption  coefficient  of  this 

linear  relation  lietween  mode-splitting  and  rotation  rate  Is  material  Is  very  low.  This  is  an  extremely  Important  point 

Invalid.  Present  state-of-the-art  solutions  to  this  problem  observed  that  the  absorption  coefficients  of  most 

involve  either  introducing  a real  oscillating  bias  (mechani-  garnet  compositions  with  high  bismuth  substitution  were 

cal  dltheri  or  the  use  of  a nonreciprocal  magnetic  element.  rarely  lower  than  .100  cm  * at  1. 152  pm.  The  use  of  Ca2* 

This  paper  describes  the  fal)rtcation  of  thin  film  garnets  for  reported  to  be  effective  in  reducing  opticM  absorption 

use  as  a nonreciprocal  magnetic  element  at  1.152  pm.  In  garnets  grown  froni  fiwrPbFwrBstki  flux,  f"**  We  have 

Such  a device  is  unique  as  It  Is  used  inside  of  an  active  used  this  charge  compensation  mechanism  to  reduce  the 

laser  cavity.  However,  such  utilization  places  extremely  absorption  In  epitaxial  films  of  O'HiisiFeCabiOi,  and 

tight  tolerances  on  all  of  the  material  parameters.  The  O'BilsiFeAli^Or,  grown  from  BioOsiKaO  fluxes.  By 

remainder  of  this  paper  will  be  devoted  to  describing  the  varying  the  Ca^"*  content  of  the  me'lt  we  found  that  o could 

types  of  structures  produced  as  laraday  elements  and  the  varied  from  410  cm'*  to  10  cm"*.  The  lowest  values 

fabrication  techniques  involved,  of  o were  achieved  with  1 x lO"'*  mole  percent  C'aC03  in  the 

molt.  It  was  also  found  that  additions  of  CaCOj  in  excess 
Faraday  Elements  of  2 x 10"2  mole  percent  caused  the  optical  absorption  to 

increane  again  to  >300  cm"*. 

Two  approaches  to  the  development  of  Faraday  ele- 
ments will  be  presented  in  this  paper.  Both  concepts  are 
based  on  the  unique  use  of  thin  Blm  epitaxial  garnet  struc- 
tures produced  by  liquid  phase  epitaxy  (I.PE).l*) 

One  of  the  structures  produced  as  a Faraday  element 
involves  the  use  of  a half  wave  of  a suitable  ferrimagnetic 
garnet  and  two  quarter  waves  of  MgF2.  This  configuration 
Is  shown  In  Figure  1.  The  second  type  of  structure  looks 
more  complicated  but  is  actually  easier  to  produce.  12)  It 
consists  of  two  epitaxial  garnet  antircflection  coatings, 
each  a quarter  wave  of  a paramagnetic  garnet,  a multiple 
quarter  wave  of  the  appropriate  ferrimagnetic  garnet,  and 
a quarter  wave  of  MgF2.  This  structure  is  shown  in 
Figure  2. 


The  multilayer  garnet  structure  used  lor  the  second 
concept  of  the  F'araday  element  required  development  of  an 
epitaxial  garnet  anti -reflection  coating.  The  l.PE  garnet 
system  chosen  for  this  effort  was  0'Cd)3(FeGa)5<)i2.  We 
found  that  by  varying  the  Iron  to  gallium  ratio  and  the  rare 
earth  content  of  the  LPE  melt  we  could  readily  vary  the 
refractive  Index  of  this  material  from  2.0  to  2. 12  while 
maintaining  an  acceptable  lattice  mismatch  between  the 
film  and  substrate.  Figure  3 is  a graph  of  index  of  refrac- 
tion of  fVOd)3(Fer,s)5r)j2  versus  gallium  content  of  the  film. 
Having  demonstrated  that  the  index  of  the  garnet  could  In 
fact  be  selected  at  will  within  this  range,  we  then  addressed 
the  problem  of  growing  very  thin  uniform  films  of  the 
material.  Calculations  Indicated  that  the  AR  coatings 
would  have  to  be  iietween  1000  A and  2000  A thick.  This 
presented  problems  with  accurate  film  measurements  as 
well  as  film  growth  techniques.  We  found  that  conventional 
elllpsometry  techniques  employing  a He-Ne  laser  were  use- 
ful In  determination  of  the  film  Indices  hut  the  sample 
preparation  necessary  to  use  this  method  prevented  its  use 
for  determining  the  film  thicknesses  of  multilayer  garnet 
structures.  ( *>1 


Fig.  1.  Strurture  of  a double  layer  Faraday  element 


AM  Aft  AM  Aft 


Flf*  2«  fttructure  of  a four  layer  Faraday  element. 


TABLE  I 


Index  of  Refraction 

2.19 

Film  Thickness 

Saturation  S>^ltchln((  Field 

< 10  ()e 

Specific  Faraday  Rotation 

200  deg  cm 

Absorption  Coefficient 

< 10  cm*f 

Lattice  Misfit 

0.003  A 

I 

! 
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GALLIUM  FORMULA  UNITS 


Hu.  3.  ( hanue  in  refractive  imloN  of  (^'(»(il3(Ke(ialfi()r>  with 
< hitnue  in  U'^Uium  content. 


I'slna  troPKmlfislon  ftp(*ctrof)hotornetr}\  we  were  .ahle 
to  u»e  quarter  wave  phenomena  to  determine  ofAical  thick- 
ness of  very  thin  films  as  well  as  to  determine  the  trans- 
mission roeffirlents  of  lh<‘  eompleteri  Faraday  eleiuents. 

The  garnet  film  dep<isitions  for  the  AH  coatings  were 
made  using  Pt><)-B2fi3  Hux  in  the  temperature  range  9‘U)  to 
920  The  nims  were  growTi  at  rates  from  0.2  min. 
to  0. M pm  min.,  from  an  I PK  flux  system  containing 
Y2<>3.  f ^•*2f>3^0a2<>^il  n><^>  and  ^2^)3  with  mole 
percents  of  0.14.  0.14,  3.82,  1.87,  88.  29  ami  5,  74 
respectively.  It  was  found  that  film  deposition  rates  Ijelow 
0.3  pm  min.  were  not  useful  .is  the  indices  from  film  to 
film  were  not  constant;  therefore  accurate  thickness  deter- 
mination was  difficult.  I sing  automatcnl  film  growth  cc(ulp- 
ment.  with  0.1  sec  control  on  the  sulwtrate  emersion 
sequence,  it  was  possible  to  grow  films  within  *50  A of  the 
desired  film  thickness  of  12.'»0  A. 

The  ferrimagnetic  garnet  film  selected  for  use  In  this 
case  was  fYl.a>3(FcOa)5f>j2-  This  system  was  selected  to 
avoid  potential  pnddems  with  a magnetic  compensation 
point  and  high  uniaxial  anisotrop\'  associated  with  elements 
such  as  gadolinium  when  is  *•0.  The  properties  of  a 
typical  Faraday  element  prcnhiced  In  this  m<xle  are  listed 
in  Table  II. 


TABl.K  n 


Imlex  of  Refraction 

2.11 

Film  Thickness 

3 pm 

Saturation  Switching  Meld 

<10  C)e 

Specific  Faraday  Kfdation 

200  deg /cm 

Absorption  ('oefficient 

< 10  cm** 

Transmission  Coefficient 

>0.99r> 

Figure  4 Is  a s|M?ctro|^otometer  trace  of  a wafer 
which  contains  IxAh  an  AH-coated  garnet  film  and  the  same 
garnet  film  with»)Ut  an  inlerfacial  AK-coatlng.  This  was 
made  by  first  defwsltlng  the  thin  AH-Cfiating  film,  etching 
one  h.ilf  of  the  wafer  with  hot  i>hosphoric  acid  ami  then 
depositing  a thick  magnetic  garnet  film  onto  the  wafer.  The 
trace  for  the  AH-coatod  half  Is  shown  in  Figure  4a  and  that 
for  the  single  thick  layer  film  is  shown  in  Figure  4b.  The 
lm|M>rtant  ix)lnl  of  comparison  of  these  traces  is  the  change 
In  intensity  AT,  of  the  ixMts  at  1.23  pm.  Fipire  5 is  a 
progressive  sefjuence  of  sfM*ctropholometr\  traces  showing 
the  Increase  In  the  transmission  efficiency  of  the  multiple 
layer  game!  structure  descrll^ed  in  Taide  11  .is  it  was  AH 
coated  with  MgF2-  The  structure  of  this  Faraday  element 
is  shown  In  Figure  2.  This  clement  consists  of  a dupliciile 
structure  on  lx»th  sides  of  the  sulislrato  as  comparcxl  to  the 
single  garnet  film  shown  in  Figure  1. 
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Hf.  4.  Transmission  spectra  showing  the  effect  of  AR 
coating  a film  of  rVT>a)3(FKja)r,()|2  ^Ith  a paramagnetic 
garnet. 


TRANSMISSION  IPERCENT) 


wavelength  X OiM) 


Kig.  5»  TransmlsMion  spi'ctr.i  nf  iho  garnet  stnirture  as  It 
uas  progressively  AH  coated  with  MgF2« 

COSCl.X  SIONS 

The  groN^th  procedure**  outlined  here  have  produced 
thin  film  magnetic  elements  which  were  inserted  Into  an 
active  cavity  ope‘ratlng  at  1. 152  two  quarter  wave 

plates.  The  bta.s  depth  oUalm*d  was  equivalent  to  a 
physical  rotation  rale  of  .350  deg  sec  awi  the  total  Insertion 
loss  was  less  than  1 percent  with  only  0*.5  percent  arising 
from  the  garnet  clement.  Klements  with  as  little  as  0. 1 
lierrent  insertion  loss  have  lieen  made  using  the  four  layer 
structure  in  Figure  2.  Although  we  have  limited  this 
Investigation  to  inira-ravlty  Faraday  elements  for  ring 


laser  g>Tos,  the  anti -reflection  and  absorption  loss 
minimisation  concepts  are  applicable  to  .several  other 
intra-cavity  devices  that  could  l>e  made  using  thin  film 
garnets,  such  as  modulators  and  strijH*  domain  phase 
gratings. 
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